covering was used as the control (CK). There were three replicates in each shading 4 2 treatment and 11 trees in each replicate. The peppers were planted in a north-south row orientation 4 3
0 min, the sediment was filtered, and the volume of filtrate was adjusted to 25 mL. A total of 2 mL 7 1 of 4.6 mol/L perchloric acid was then added to the sediment and extracted for 10 min. Next, the 7 2 filtrate and 6 mL of deionized water were mixed together in a 25 mL volumetric flask. To this 1 7 3 mL mixture, 5 mL of anthrone-sulfuric acid reagent was added, and the mixture was immediately 7 4 boiled at 100°C for 5 min. Once cooled, the starch content of the reaction mixture was determined 7 5
by measuring the OD value at 620 nm (Wang et al., 2015) . 7 6
Leaf carbohydrate metabolism enzyme activity assay 7 7
Leaf carbohydrate metabolism enzyme extraction 7 8
A total of 0.5 g of frozen leaf blade samples was homogenized using a chilled mortar with 7 9
0.08 g of PVPP and 4 mL of extraction buffer (50 mM HEPES-NaOH with a pH of 7.5, 20 mM 8 0
MgCl2, 2 mM EDTA, 0.05% Triton X-100, 2.5 mM DTT, and 1 mM PMSF). The homogenate 8 1 was centrifuged at 10,000 r/min for 20 min at 4°C. 8 2 SPS and SS activity analysis 8 3
For the SPS activity assay, 100 μ L of enzyme extract was mixed with 150 μ L of extraction 8 4 buffer (50 mM HEPES-NaOH, 10 mM MgCl 2 , 3 mM UDPG, and 10 mM F-6-P, with a final pH 8 5 of 7.4). The reaction was initiated by incubating the enzyme extract at 30°C for 30 min. The 8 6 reaction was stopped by adding 50 μ L of 2 M NaOH and heating the solution for 10 min at 100°C 8 7
to destroy unreacted hexoses and hexose phosphates. Then, the solution was cooled and mixed 8 8
with 875 μ L of 30% (w/v) HCl and 250 Introduction 1 0 4 Perennial plants live for many years and repeatedly cycle between vegetative and 1 0 5 reproductive development. How perennials undergo repeated cycles of vegetative growth and 1 0 6 flowering during the growing periods has not been extensively studied (Wang et al., 2009 respectively) than in the CK, while the length of inflorescences was significantly inhibited by 1 8 7 63.21% under the 75% shading intensity. In S2, the number of inflorescences was significantly 1 8 8 inhibited, as shading intensity increased from 30% to 75%; specifically, the numbers were 49.62%, 1 8 9 91.54% and 88.38% lower than that in the CK, respectively. However, shading had little effect on 1 9 0 inflorescence length in this period. In S3, the 30%, 60% and 75% shading intensities significantly 1 9 1 reduced the number of inflorescences by 72.02%, 90.85% and 95.24%, respectively. The 60% and 1 9 2 75% shading intensities had significantly lower inflorescence lengths than did the CK (33.16% 1 9 3 and 64.77% lower, respectively). In S4 and S5, a shading intensity lower than 30% led to very few 1 9 4 alterations in the number and length of inflorescences. However, the number and length of 1 9 5 inflorescences decreased by 99.16% and 100%, respectively, in S4 under the higher shading 1 9 6 intensities (60% and 75%), while they declined by 80.67% and 93.66% in S5. Therefore, the 1 9 7 optimum shading intensity based on conditions that significantly reduced the number of 1 9 8 inflorescences was more than 30% in S1, S2, S3 and S4. Correspondingly, a shading intensity of 1 9 9 more than 60% was appropriate for S5 ( Fig. 1 ). 2 0 0 Effects of shading on carbohydrate contents in major source leaves 2 0 1
The carbohydrate content changes in young pepper leaves under different shading intensities 2 0 2 during the stages of the annual growing period are shown in Fig. 2 . In S1, a decreasing trend in 2 0 3 soluble sugar content with an average decreases of 19.26% and 15.54% occurred under the 60% 2 0 4 and 75% shading intensities, respectively. Starch content also decreased under the higher shading 2 0 5 intensities (60% and 75%), with reductions of 29.73% and 32.05%, respectively ( Fig. 2c ). 2 0 6 However, the sucrose-starch ratios were 52.87%, 24.59%, 70.90%, and 114.34% higher under the 2 0 7 increasing shading intensities than in the natural sunlight CK (Fig. 2d ). In S2, the sucrose content 2 0 8 was 36.10% higher under the 15% shading intensity than in the CK (Fig. 2a ). The soluble sugar 2 0 9 content under the low shading intensity was similar to that in the CKbut was lower under the high 2 1 0 shading intensity. The average value was 16.08% lower than that of the control. Shading had little 2 1 1 effect on starch content. However, the sucrose-starch ratios were 25.39%, 15.73%, and 47.42% 2 1 2 higher under the 15%, 30% and 60% shading intensities than in the CK (Fig. 2d ). In S3, the 2 1 3 sucrose content was 39.41% higher on average under the 15% shading intensity than in the CK, 2 1 4 and the soluble sugar content was 14.87% higher on average under this shading intensity than in 2 1 5 the CK. However, the soluble sugar content was 15.07% lower and the starch content was 46.15% 2 1 6 lower under the 75% shading intensity than in the CK (Fig. 2b, 2c ). In S4, there was no significant 2 1 7 In S3, decreased SPS activity decreased the soluble sugar and starch content. The 60% and 2 6 8 75% shading intensities decreased SPS activity and then reduced soluble sugar and starch content 2 6 9 to control floral quantity. Therefore, the activity of SPS could be reduced by shading to regulate 2 7 0 floral quantity during this period. Decreased NI activity could also reduce soluble sugar and starch 2 7 1 content. The 30%, 60% and 75% shading intensities significantly reduced NI activity and floral 2 7 2 quantity. Therefore, the decreased NI activity achieved via shading could be used to regulate floral 2 7 3 quantity. AI activity was negatively correlated with soluble sugar and starch content and was 2 7 4 increased under the 30% shading intensity and significantly improved under the 75% shading 2 7 5 intensity. Therefore, improved AI activity under a 75% shading intensity could also reduce floral 2 7 6 quantity in S3 (Tab. 2). 2 7 7
In S4, increased SPS activity and decreased AI activity decreased the soluble sugar and starch 2 7 8 content but increased the sucrose-starch ratio. SPS activity was significantly improved, and AI 2 7 9 was obviously inhibited by the 75% shading intensity. Therefore, a 75% shading intensity could 2 8 0 lead to decreases in soluble sugar and starch content and an increase in the sucrose-starch ratio, 2 8 1 thereby reducing floral quantity by increasing SPS activity and decreasing AI activity (Tab. 2). 2 8 2 In S5, improved NI activity could decrease sucrose content and the sucrose-starch ratio but 2 8 3 increase soluble sugar and starch content. The 60% and 75% shading intensities inhibited NI 2 8 4 activity. Among these shading intensities, the 60% shading intensity significantly decreased 2 8 5 soluble sugar and starch content but increased the sucrose-starch ratio. In contrast, the 75% 2 8 6 shading intensity obviously decreased the soluble sugar content. Inflorescence number and length 2 8 7 decreased under the two shading intensities. Therefore, NI activity could be regulated to control 2 8 8 floral quantity (Tab. 2). 2 8 9 Regulation indicators and appropriate shading intensities in different growing periods 2 9 0 Based on an analysis of the correlation between the carbohydrate content of young pepper 2 9 1 leaves and metabolic enzymes, combined with the effects of shade on leaf carbohydrate content, 2 9 2 sucrose metabolism-related enzyme activity and floral quantity, indicators of sugar enzyme 2 9 3 regulation and the appropriate shading intensity could be determined for different developmental 2 9 4 stages in young black pepper. 2 9 5
In S1, the 60% and 75% shading intensities significantly decreased SS activity, but SS 2 9 6 activity had no significant relationship with starch content. AI activity was not obviously inhibited 2 9 7 under the two shading intensities, but AI activity was clearly related to soluble sugar and starch 2 9 8 content, indicating that we should look for other methods to control AI activity. AI was the key 2 9 9 indicator that could be used to control starch content and thus to suppress flowering. In S3, the 30% 3 0 0 shading intensity significantly decreased NI activity to control flowering, while the 60% and 75% 3 0 1 shading intensities inhibited SPS activity and improved AI activity but also decreased the 3 0 2 vegetative tissue biomass of pepper plants (Fig. S1) ; therefore, other measures should be adopted 3 0 3 to inhibit SPS activity and increase AI activity to control flowering (Tab. 3). 3 0 4 Discussion 3 0 5
Floral induction responds to multiple external and endogenous signals to optimize the timing 3 0 6 of the transition from vegetative to flower growth. The coordination of vegetative growth for 3 0 7 carbohydrate accumulation and the timely transition to flower is critical for reproductive success. 3 0 8
Floral inductive cues originate in mature leaves, and signals are transduced to the shoot apex to 3 0 9 activate floral identity genes and initiate inflorescence development (Coneva et al., 2012) . The 3 1 0 carbohydrate levels in the shoot apex and mature leaves have been correlated with flowering time, 3 1 1 which is thought to occur through changes in starch remobilization, photosynthetic carbon fixation 3 1 2 (Lejeune et al., 1993; Bodson and Outlaw, 1985; Corbesier et al., 1998) , or photosynthate 3 1 3 partitioning (Rösti et al., 2007) . In this article, we added several novel findings about the effects of 3 1 4 light on the regulation of floral quantity by carbohydrate activity in the major source leaves of 3 1 5 black pepper (P. nigrum L.) in the juvenile phase. 3 1 6
Sucrose is the pivotal form of carbohydrate transported from photosynthetic sources (i.e., 3 1 7 mainly mature leaves) to nonphotosynthetic sinks. Once carbohydrates have reached those sinks, 3 1 8 sucrose must be degraded into hexoses to serve as metabolites to synthesize essential compounds 3 1 9 including starch (Ruan et al., 2010; Ruan et al., 2014) . Starch is also the major form of 3 2 0 carbohydrate in plants and exists as either transitory or permanently stored starch (Streb and 3 2 1 Zeeman, 2012). Transitory starch is a vital integrator of plant growth, buffering recurrent changes 3 2 2 in carbon and energy availability that result from the diurnal light/dark rhythm (Geigenberger, 3 2 3 2011; Streb and Zeeman, 2012). In the chloroplasts of photosynthetic tissues, transitory starch 3 2 4 accumulates gradually during the day and is consumed for continued sucrose biosynthesis and 3 2 5 energy production at night (Hedhly et al., 2016; Thalmann et al., 2016) . There are two enzymes in 3 2 6 many plant species that catalyze the cleavage reaction of sucrose: SS and AI (Ruan et al., 2010). 3 2 7
Our current understanding indicates that SS and AI are mainly involved in starch biosynthesis 3 2 8 (Hedhly et al., 2016; McLaughlin and Boyer, 2004a; McLaughlin and Boyer, 2004b) . In this work, 3 2 9 we discovered that in S1 (the period dominated by vegetative growth), the 60% and 75% shading 3 3 0 intensities markedly decreased floral quantity and the starch content in mature leaves and 3 3 1 increased the sucrose content in leaves. There was a significant positive correlation between leaf 3 3 2 starch and floral quantity. The sucrose-starch ratio in the mature major source leaves had an 3 3 3 obvious inverse relationship with inflorescence quantity. A decrease in the SS activity in major 3 3 4 source leaves could increase sucrose content and markedly decrease starch content, while a 3 3 5 decrease in AI activity could slightly reduce sucrose content but significantly decrease starch 3 3 6 content; therefore, reducing the activities of these two enzymes could increase the sucrose-starch 3 3 7 ratio and markedly decrease starch content, thereby effectively controlling floral quantity. We 3 3 8 determined that shading inhibits photosynthesis, which decreases SS and AI activities in the major 3 3 9 source leaves, not only decreasing leaf starch content and increasing the sucrose-starch ratio but 3 4 0 also further reducing inflorescence quantity (Fig. S2) Our research determined that an increased sucrose-starch ratio in the sources could not only 3 5 0 delay flowering time but also reduce inflorescence quantity. However, sucrose can be 3 5 1 maintained at a certain level in the sources (Park et al., 2009) 
